Developmental changes in photosynthetic gas exchange were investigated in the mannitol synthesizing plant celery (Apium graveolens L. 'Giant Pascal'). Greenhouse-grown plants had unusually high photosynthetic rates for a C3 plant, but consistent with field productivity data reported elsewhere for this plant. In most respects, celery exhibited typical C3 photosynthetic characteristics; light saturation occurred at 600 micromoles photons per square meter per second, with a broad temperature optimum, peaking at 26aC. At 2% 02, photosynthesis was enhanced 15 to 25% compared to rates at 21% 02. However, celery had low CO2 compensation points, averaging 7 to 20 microliters per liter throughout the canopy. Conventional mechanisms for concentrating CO2 were not detectable.
Acyclic sugar alcohols (polyols) are primary photosynthetic products and the major form of translocated carbon in many higher plants (3, 20) . Although physiological roles for polyols have been well established from studies in fungi, algae, and animals (7, 13, 19) , little research has been done in higher plants to determine their roles in plant metabolism.
With the exception of apple, no detailed studies of photosynthesis in higher plants that synthesize polyols have been conducted. And even in apple, rarely has photosynthesis been studied developmentally (1 1, 21) . Photosynthetic rates in apple, a sorbitol synthesizer, are generally very high (2, 11) and substantially higher than other trees (12) or many C3 plants. In a survey of photosynthesis in trees (12) , among the highest values reported were for Pyrus, a sorbitol synthesizer, and Fraxinus, a mannitol synthesizer. Whether these observations are related to polyols being the principal product of photosynthesis in these plants remains to be determined.
In the study reported here, our objective was to study photosynthesis in celery (Apium graveolens), which is both a mannitol synthesizer (17) and capable of tremendous biomass production (5). In a preliminary report (14) , we demonstrated that celery is capable of high photosynthetic rates. Here, we present a more complete analysis of the gas exchange characteristics of celery in relation to leaf development. ' CO2 Compensation Point. The three terminal leaflets ofa celery leaf were excised and sealed in a 125-ml glass tube with the petiole immersed in 10 ml deionized H20. The tube was submerged in a water bath at 25C and irradiated with approximately 1200 Mmol photons m 2 s-'. F was determined with an IR gas analyzer in a closed system by circulating air over the leaflets 15 20 25 30 35 15 20 TEMPERATURE ( until the CO2 concentration in the system was reduced to a steady state level. Soybean (Glycine max) and corn (Zea mays) were used for C3 and C4 comparison values of r.
RESULTS
Attempts to relate photosynthesis and crop productivity require photosynthetic measurements at several stages of leaf development (21) . In the present study with celery, the highest photosynthetic rates were seen in young vigorously growing plants. In such plants, the highest rates were found in leaf No. 6 to 9 (Fig. 1 A) . Mature until the leaves were quite old (leaf No. 15 and greater) did photosynthetic capacity decline.
Temperature response was typical of C3 plants: the temperature optimum occurred over a broad range, peaking at 260C (Fig.  2) . With respect to temperature, young and mature plants responded similarly except that young plants ( Fig. 2A ) exhibited higher photosynthetic rates over the temperature range studied than did mature plants (Fig. 2B) . Light saturation occurred at relatively low levels, 600 ,umol photons m-2 s-', for all leaf ages studied but older leaves had higher photosynthetic rates than younger leaves (Fig. 3) .
In addition to changes in photosynthesis, photorespiration also changed with leaf development, as seen by the photosynthetic response at various 02 concentrations (Fig. 4) (Table II) .
Leaf development also affected CO2 compensation point in celery (Fig. 5) (15) . Preliminary anatomical studies revealed that young celery leaves had a compact mesophyll, but did not have a well developed bundle sheath (ME Rumpho, personal communication). These observations confirm earlier anatomical investigations done at the light microscopy level (6) . At the Leaf Number from Center of Plant (15) . Preliminary studies of the enzymology and '4C-fixation products in celery, however, indicate typical C3 values for enzymes and metabolites (14) . Currently, we have no evidence that an alternative to the reductive pentose phosphate pathway operates in celery tissues. The only unusual aspect of its carbon metabolism appears to be mannitol synthesis.
The relationship between polyol metabolism and photosynthesis may be analogous to the relationship between photorespiration and photosynthesis. One role postulated for photorespiration is dissipation of excess energy produced photochemically, thereby preventing photoinhibition of CO2 fixation (16) . The stoichiometry of mannitol synthesis requires up to one third of the triose-P exported from the chloroplast for regeneration of reductant ( 17) . Consequently, mannitol synthesis could present an alternative mechanism for dissipating reductant, possibly reducing the need for photorespiration. Our data, however, provide only circumstantial evidence to support this argument.
Despite the exceptionally low r values in celery, present evidence indicates an otherwise normal C3 pattern of photosynthesis. Undoubtedly, the reduction of apparent photorespiration in this species, as evidenced by the low values for F, contribute to the high photosynthetic rates reported here and the large biomass production noted elsewhere. 
